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Recent empirical investigations on factor that affects the pricing of fixed 
income derivatives but does not affect bond pricing suggest that the 
factor is related to stochastic volatility and term this phenomenon as 
unspanned stochastic volatility (USV). The realized yield volatility cannot 
be explained through yield in treasury market which implies that volatility 
risk cannot be hedged solely by bonds. This suggests that interest rate 
derivatives are not redundant assets in bond market. By adopting a modi-
fied jump-diffusion model for the Federal Funds target rate and employing 
both option based and interest rate based data in parameter estimation, 
we examine the pricing and hedging performance of interest rate cap and 
straddle given that bond and swap yields are well fitted. The pricing 
performance of at-the-money interest rate cap is improved compared with 
other literature. The hedging performances of at-the-money interest rate 
cap and straddle are generally satisfactory for short term interval and 
hence the need to incorporate parameter restrictions or to model the USV 
factor explicitly in HJM type models may not be necessary for hedging 
purpose. Further analysis to at-the-money straddle shows that the hedging 
residuals cannot be well explained by both cap/floor volatility and swap 
rates. One principal component factor is capable of explaining over 70% of 
these residual errors and correlation analysis suggests that hedging errors 
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The growth of interest rate derivatives market has been substantial in the 
past decade. The International Swaps and Derivatives Association (ISDA) 
estimated that the outstanding notional of the over-the-counter interest 
rate derivatives has been increasing tremendously and reached US$382 tril-
lion at the end of 2007, comparing to US$101 trillion at the end of 2002. 
These over-the-counter interest rate derivatives include single currency and 
cross-currency interest rate options, swaps, caps and swaptions, etc. Over 
90% of volume of interest rate derivatives are transacted by companies for 
their interest rate and currency risk management according to a survey 
conducted in 2003. 
There are extensive literature discussing the dynamic term structure 
models and how they are applied to price bonds and interest rate options. 
Recently, the relative valuation problem of interest rate caps and swaptions 
in fixed income market has received attention. This problem raises concern 
on how to model the dynamics of the underlying factors in order to price 
both types of fixed income derivatives accurately relative to one another. 
Cap and swaption should be priced relatively well because they are believed 
to be spanned by the bonds and share the same underlying risk factors in 
the fixed income market. 
Another problem of similar feature is the unspanned stochastic volatility 
(USV) phenomenon. Before USV phenomenon is uncovered, it is presumed 
that the bond market is complete and fixed income derivatives are redun-
dant securities, hence the term structure factors should be able to price 
both the bonds and its derivatives well relative to each other. So if we have 
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a model that is able to capture term structure factors, for example, fitting 
bond yields well, this model is expected to price the derivatives well. This 
is simply the rationale of calibrating model from interest rate data and use 
the model to price derivatives. However, recent studies find empirical sup-
port that a portfolio of bonds alone cannot hedge the interest rate volatility 
risk embedded in the interest rate derivatives effectively. This implies there 
might be some missing factors that are important to pricing of interest rate 
derivatives but do not affect the bond pricing though bond yields are well 
fitted ill model. These missing factors are related to interest rate volatility 
risk which is stochastic in nature. Interest rate derivatives are not redun-
dant securities in fixed income market. The USV phenomenon in fixed 
income market lies in the similar vein of the equity market, as volatility 
risk in a portfolio of equity options cannot be hedged solely by the equity 
alone, and equity option is not a redundant security. 
Recent literature has applied dynamic term structure models to price 
interest rate derivatives and bonds. The challenge to dynamic term struc-
ture model is that this class of model assumes interest rate derivatives and 
bonds share the same risk factors in pricing, which is opposite to the exis-
tence of USV. Li and Zhao (2006) adopt a quadratic-gaussian term struc-
ture model to price interest rate cap and their results show that the pricing 
error is significant. Gupta and Subrahmanyam (2005) also document a 
significant cap/floor pricing errors when using one factor Hull-White and 
Black-Karasinski model. Collin-Dufresne and Goldstein (2002a) derive 
equations of parameter restrictions for trivariate affine model to incorpo-
rate USV in dynamic term structure framework and suggest interest rate 
derivatives are not redundant. In this thesis, I attempt to employ a four-
factor affine term structure model with jump feature to incorporate USV 
naturally and test the model in terms of pricing and hedging performances 
of interest rate cap and straddle. The reasons of adopting both dynamic 
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term structure and jump factor in particular Federal Funds target change 
to price interest rate options and capture USV are explained below. 
The family of dynamic term structure model includes the affine class, 
quadratic-gaussian, nonaffine stochastic volatility, in addition to the 
variant models featured with jump and regime switching properties. The 
affine model is vastly documented in the literature due to its tractability 
as closed form formula of bond and interest rate options are available 
for most affine models. Under the affine framework, both the drift and 
volatility/correlation of risk factor have the affine functional form under 
actual pricing measure. Under risk-neutral measure, by specifying an 
appropriate market price of risk functional form for the factors keeps 
retaining affine form for the drift and volatility/correlation. One of the 
characteristic of affine framework is that the spot rate can be written 
as linear combination of risk factors. Hence the bond pricing is readily 
available in closed-form and in the exponential affine functional form of 
the risk factors. Besides, the bond loading coefficient satisfies a system of 
ordinary differential equations with unique boundary condition and hence 
they are easily solved by numerical methods. This statement is also true 
even Poisson distributed jump is added to the diffusion model. 
To price and hedge fixed income derivatives accurately, not only the 
bond yield has to be fitted well against the market, but the bond yield 
volatility also has to be captured too. Over the past ten to fifteen years, the 
term structure of unconditional volatilities of bond yield changes is hump 
shaped as documented in Litterman, Scheinkman and Weiss (1991). So 
it is not surprising that single-factor model cannot capture the volatilities 
of bond yield. In order to incorporate the hump shaped volatility feature, 
multi-factor model in which the correlations between the state variables 
have to be negatively correlated, or at least the loading of one of the factors 
of the zero-coupon yield has to demonstrate hump shaped term structure 
as stated in Dai and Singleton (2003). 
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Our Federal Funds target rate jump-diffusion model has the potential 
to capture the hump shaped bond yield feature. One of our result shows 
that one of our yield responses to factor shock demonstrates hump shaped 
term structure (the macroeconomic variable factor). This is documented 
in the estimation result part of this thesis. Furthermore, our model should 
have the ability to capture the time-varying second moment of bond yield 
because supporting evidence has been documented in studies such as Gal-
lant and Tauchen (1998). Dynamic term structure models can match the 
second moment of bond yield because the state variables are calibrated 
such that the covariance/volatility of bond yield is guaranteed to be dif-
ferent from each other day. Besides, the incorporation of volatility of short 
rate as one of the state variable offers additional time-variation source to 
the bond yield volatility. 
However the pricing of fixed income derivatives using dynamic term 
structure model is not without any drawback. Some studies such as Dai 
and Singleton (2003) find that dynamic term structure models have diffi-
culty in matching yield correlations from historical data and model-implied 
data. The historical correlation is lower than the model implied correlation. 
The relative valuation puzzle between cap and swaption might be resolved 
through introduction of factor volatilities/correlations to the innovation of 
factors. Collin-Dufresne and Goldstein (2002b) suggest that the correlation 
could have greater impact in pricing cap than swaption. However, whether 
the pricing and hedging performances of interest rate cap and straddle can 
be improved by introducing correlation structure among state variables are 
still unknown. In our model we do not cater for this correlation specifica-
tion and simply assume zero correlation between factors. 
Generally, multi-factor models perform better than lower order model in 
pricing and hedging interest rate derivatives in an affine framework. More-
over, the incorporation of stochastic volatility dynamics to the underlying 
state variables tends to improve the pricing performance of affine model. 
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It is suggested that at least three factors are needed to capture the term 
structure factors and one additional factor is needed for accommodating 
the USV factor. Modeling jump factor introduces additional flexibility to 
capture interest rate distribution which is especially effective in pricing the 
away-from-the-money options. 
The use of jump-diffusion model to price interest rate derivatives is not 
without any reason. Specifically, we focus on the Federal Funds target rate 
as the jump surprise factor because of its economic impact and effect to the 
yield curve. Johannes (2004) documents the statistical and economic role 
of jump factor and its effect on pricing of bond and interest rate options. 
Thus the motivation of adopting target change model to price bond and 
interest rate derivative is solid based on its good performance in capturing 
macroeconomic shock. We will outline a brief introduction on Federal 
Funds target below. 
The Federal Open Market Committee (FOMC) directs the monetary 
policy for the Federal Reserve System (the Fed) by using several ways like 
making open market operations, reserve requirement control and Federal 
Funds target rate setting. We shall focus on the Federal Funds target rate 
change and model the jump as one of the driving factor in our model. 
Federal Funds rate is the interest rate charged to one depository insti-
tution by another institution for the overnight balance at the Fed. The 
Fed's objective for open market operations has varied in the history. In 
1994 the FOMC announced changes in its policy stance. In 1995 it began 
announcing explicitly its target level for Federal Funds rate. Since 2000, 
FOMC issued its statement on the decision of target rate which includes 
FOMC's assessment of risks to long term goal on price stability and eco-
nomic growth. 
There are normally eight meetings for determination of Federal Funds 
target rate in each year. Usually six of the meetings are one-day nature and 
two of the meetings are two-day nature. All the meetings begin on Tuesday. 
5 
FOMC announces Federal Funds target rate right after each meeting and 
the decision is based on current economic conditions in general, including 
consumer spending figure, money supply and housing activities, etc. The 
setting of Federal Funds target rate affects the term structure of interest 
rate and interest rate volatilities of all maturities. Balduzzi, Bertola and 
Foresi (1997) investigate the effect of target change on the term structure of 
interest rate and they find that the term spreads between short-term rate 
and overnight Federal Funds rates are mainly driven by the expectations 
of target change. Das (2002) finds that two-day meeting of Federal Funds 
target determination period has more information content than one-day 
meeting and suggests that jump factor from Federal Funds data forms an 
essential part of interest rate models. Moreover, with a long history of ten 
years' daily data, he finds empirical support for the usage of jump (Poisson) 
model characterizing Federal Funds rate in the perspective that the jump 
factor in the diffusion model offers good statistical fit. 
Ahn，Dittmar and Gallant (2002) adopt a three-factor affine quadratic 
model and conclude that these models fail to capture the ARCH and non-
Gaussian features of interest rate data. Johannes (2004) points out that 
none of the pure diffusion models can capture the non-normality of trea-
sury yield data. More importantly, he finds that jumps do not necessarily 
impact the cross-section of bond prices but do affect the pricing of interest 
rate options. Based on his argument that assuming both jump-diffusion 
and pure diffusion model have the same conditional mean and variance of 
interest rate, pricing of bond by these two types of models are similar due 
to the fact that it is only the average distribution of interest rate that mat-
ters the yield curve and hence bond price, while the pricing performance 
of interest rate option depends heavily on the tail distribution of interest 
rate dynamics where jump introduces its effect. On the other hand, his 
model differs that of Piazzesi (2005) in terms of the surprise element their 
models intend to capture. Piazzesi (2005) models the Federal Funds target 
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rate jump on every announcement day and assign constant jump intensity 
in non-announcement days, while Johannes (2004) argues that only the 
unexpected component of the (jump) announcement that should be mod-
eled. In our model, jumps are not conformed only to the meeting days, we 
allow jump in the non-meeting days, as witnessed by the historical data. 
The continuous Poisson distributed jump is explicitly incorporated into our 
pure diffusion model of three factors in order to price interest rate options. 
By employing the option-based estimation, the implied jump intensity on 
each day is backed out in our model. 
In summary, our preliminary analysis of U.S. interest rate cap market 
demonstrates that the existence of unspanned stochastic volatility may be 
valid. By adopting Federal Funds target rate jump-diffusion model and 
calibrating the model parameter set by using both interest rate and option 
data, the pricing performance of at-the-money (ATM) interest rate cap 
is improved compared with other literature. The hedging performances of 
ATM interest rate cap and straddle are generally satisfactory for short term 
interval and hence the need to incorporate parameter restrictions or model 
the USV factor(s) explicitly in Heath-Jarrow-Morton (1992, henceforth 
HJM) type models may not be necessary for hedging purpose for short term 
horizon. Further analysis on ATM straddle hedging residuals shows that 
these residuals cannot be explained by both cap/floor volatility and swap 
rates. One principal component factor is capable of explaining over 70% of 
these residual errors and correlation analysis suggests that hedging errors 
across different maturities of straddle components are highly positively 
correlated. 
The rest of this thesis is organized as follows. In Section 2, we review 
the existing literature on USV and relative valuation issue. In Section 3, 
we describe the dataset and conduct a preliminary analysis of unspanned 
stochastic volatility observation in our sample period. In Section 4 we 
develop a jump-diffusion model for Federal Funds target rate and outline 
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the implementation scheme and attach with estimation result. In Section 5, 
we present both pricing and hedging results of interest rate cap and hedging 
result of interest rate straddle. Section 6 concludes the findings we have. 
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2 Literature Review 
In this section we provide a brief survey of existing literature on unspanned 
stochastic volatility and relative valuation issue in interest rate derivatives 
market. 
LongstafF, Santa-Clara and Schwartz (2001) 
The authors adopt HJM based string market model to model the dynamics 
of discount bond to price interest rate cap and swaption. The model has no 
jump feature and there is no stochastic volatility dynamics for the forward 
rate/bond price. They estimate the instantaneous covariance matrix of 
forward rate changes by using the historical eigenfactors and extracting 
the eigenvalues of the instantaneous covariance matrix by fitting to the 
cross-section at-the-money European swaption prices. They show that four 
factors are needed to price swaption accurately, i.e., within bid-ask spread. 
The model performs quite well except the stressed period in 1998 when the 
LTCM failed and hedge fund crises began. By inferring cap prices from 
the main diagonal of the implied covariance matrix, the authors investigate 
the relative valuation between cap and swaption, and the results show that 
their model fails to account for cap pricing given good fit to swaption prices, 
which is witnessed by the large average pricing error (23% for 2-year cap). 
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Collin-Dufresne and Goldstein (2002a) 
The authors find some empirical supports of the unspanned stochastic 
volatility phenomenon from the results of three regressions of straddle 
returns on changes of swap rates for maturities between 0.5 to 10 years 
in three trading markets, namely U.S., U.K. and Japan markets, and the 
B? are 20% to 50%, 9% to 30% and 20% to 52% respectively. The straddle 
residual errors in three markets all have one major principal component 
which accounts for over 80% of variation of errors itself in each market. On 
the other hand, they derive parameter restriction constraints to explicitly 
incorporate the USV factor in their trivariate affiiie term structure model 
and prove that the bivariate affine term structure model cannot generate 
incomplete market. They show that every trivariate affine model capable 
of generating incomplete market should consist of the following three state 
variables, namely the spot rate, the drift of spot rate and the variance of 
spot rate. They simulate a monthly series of swap rates and straddle prices, 
then regress the straddle returns on change of swap rates. The B? is above 
90% under model that does not have the imposition of USV parameter 
restriction constraints but only 30% of variation can be explained under 
the model with USV parameter restriction constraints imposition. Finally 
they show that every HJM class model with stochastic volatility feature 
can generate USV naturally because bond price/forward rate dynamics 
directly models the bond prices meanwhile HJM model requires indepen-
dent volatility specification that determine drift of forward rate dynamics 
in the no-arbitrage framework. 
Driessen, Klaassen and Melenberg (2003) 
The authors compare one- to three-factor HJM models in terms of both 
pricing and hedging performance of cap and swaption. To model the 
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volatility in time-homogeneous setting, they specify some simple para-
metric forms for volatility and extract them from principal component 
analysis. For each pricing and hedging tests, they assess the performances 
of their models either based on models estimated using interest-rate data or 
option data, crossing with those based on time-varying or constant param-
eters. Their pricing result show that multi-factor gaussian and lognormal 
PCA HJM models yield the smallest pricing errors for both caps and swap-
tions, around 7% and 9% respectively, when using (a) option-data esti-
mated parameters and (b) time-varying parameters. However both models 
cannot delta-hedge caps and swaptions effectively even using option-based 
estimation crossing with time-varying parameters, though this set of esti-
mation method still yield the smallest errors for both derivatives. After 
all, they suggest both pricing and hedging performance can be improved 
through option-based estimation and allowing for time-varying parameters, 
and multi-factor models perform better than lower order models. 
Fan, Gupta and Ritchken (2003) 
Based on multi-factor HJM models, the authors test the effect of unspanned 
stochastic volatility with swaption from expiration of 0.5 to 5 years. The 
hedging performance of swaptions, with only delta-hedge strategy and 
using zero coupon bonds of relevant maturities, is satisfactory, which is 
concluded from the result that over 90% of variation of unhedged portfolio 
can be explained for most swaption contracts with 1-week to 1-month out-
of-sample. One-factor model is capable of producing good fit to hedge and 
higher order factor model only improve the hedge marginally. They fur-
ther construct swaption straddles and attempt to hedge the position with 
delta-neutral and garnma-neutral strategy. They show that the hedging 
strategy of swaption straddles is very effective in reducing the unhedged 
straddle position and recalibration only provides slight improvement. They 
argue that the low R!^  value from linear regression of straddle returns on 
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changes of swap rates can be attributed to the highly convex payoff struc-
ture of at-the-money option to the underlying variables. They find that first 
three principal component collectively account for 70% of straddle residual 
errors, which is in line with Collin-Dufresne and Goldstein (2002a). They 
conclude that even though the incorporation of USV factor into term struc-
ture model can improve the hedging performance, the additional benefit is 
minor. 
Gupta and Subrahmanyam (2005) 
The authors focus on the pricing and hedging abilities of various one-factor 
(Hull-White and Black-Karasinski, and five other forward rate models with 
different volatility structures) and two-factor (forward rate based) models 
on interest rate cap and floor. The result of pricing performance shows that 
one factor lognormal forward rate model generates the least average abso-
lute error with around 3% to 5% in terms of out-of-sample pricing accuracy. 
However, one-factor BGM model has a better pricing performance when the 
model is estimated using option data. In both cases, two-factor model only 
improves the pricing performance slightly. In contrast, two-factor models 
have better hedging performances even for one-month out-of-sample rebal-
ancing period. The average absolute percentage of hedging error is around 
0.5% for both two-factor models but up to 2% to 3% for one-factor models 
for one-month rebalancing period. This shows that pricing and hedging of 
plain-vanilla interest rate cap and floor can be based on two-factor models 
even for away-from-the-money case. 
Li and Zhao (2006) 
Quadratic term structure model (QTSM) is adopted to improve the mod-
eling of bond yield volatility and to capture better the nonlinearity in the 
term structure data than using a general affine term structure model. The 
12 
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authors estimate the model parameters based on observed bond price data. 
This results in excellent performance in pricing bonds of maturities ranging 
from six-month to ten-year. However, their results exhibit unsatisfactory 
pricing and hedging performance of interest rate cap. Their hedging port-
folio consists of an unhedged cap position and state variables which act 
as hedging instruments. Around 10% of root-mean-squared error of per-
centage pricing errors show up in their best performed QTSM and around 
20% to 50% variation of unhedged portfolio can be reduced in the delta-
neutral hedge portfolio for out-of-the-rnoney and long-maturity difference 
cap. They find that there are multiple unspanned factors from the result 
of principal component analysis of the cap hedging residual errors, and the 
major principal component only accounts for less than 60% of the error. 
They further analyze the hedging performance of cap straddle formed 
by constructing a delta-neutral and gamma-neutral portfolio consisting 
of an unhedged straddle and state variables. Most long-maturity strad-
dles cannot be hedged successfully, with less than 10% of the variation 
of straddle can be hedged. Further analysis of straddle hedging error by 
principal component analysis shows 60% of hedging error can be explained 
by one major principal component. The hedging errors are highly corre-
lated among themselves by maturity and moneyness, which suggests there 
can be possibly multiple unspanned factors driving the volatility sensitive 
straddle without affecting bond pricing. 
They also show that the alternative explanation to unspanned volatility 
cannot be the bid-ask spread from the result of low / ? � o f regression of 
at-the-money straddle hedging errors on weekly changes of bid-ask spread 
of at-the-money cap. When they attempt to use the straddle hedging error 
as proxy to USV factors and run a regression of cap hedging errors on 
straddle hedging errors and three common yield factors, for most mon-
eyness/matiirity groups, R"^  are above 90%. They conclude that their 
quadratic term structure model, like the other dynamic term structure 
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models, is difficult in capturing the unspanned stochastic volatility and 
suggest that HJM type models are more preferred than these models to 
accommodate USV in order to price and hedge interest rate derivatives 
better. 
J arrow, Li and Zhao (2007) 
The authors develop a multifactor HJM model with stochastic volatility 
and jump in LIBOR forward rates. The instantaneous covariance matrix of 
changes of LIBOR forward rates is modeled in a way such that the eigenvec-
tors share the same historical eigenvectors and the instantaneous variance 
of common factor driving the yield curve is modeled into square-root pro-
cess. The jump has constant jump intensity and follows normal distribution 
conditional on arrival of jump. They build the one-, two- and three-factor 
models and estimate the parameters by minimizing their respective objec-
tive function, which is equal to the sum of square of percentage difference 
cap pricing errors in the entire set of both the cross-sectional (different 
moneyness with different maturities) and along the whole time-series of 
cap samples. 
The pricing result shows that three-factor stochastic volatility jump 
model performs the best than the other lower order factor models whether 
it is equipped with and without the jump feature. Without the jump fea-
ture, the multi-factor stochastic volatility models are all performing poor to 
price those away-from-the-money difference caps, with the average pricing 
errors reach 4% in usual cases, though the pricing error of the at-the-money 
difference cap is around 1% to 2%. By plugging in the jump feature into 
the same stochastic volatility models, the ability of pricing away-from-the-
money cap improves, with the average pricing errors decrease to within 2% 
in general. 
The model is still not perfect given the good pricing fit the model gen-
erates because of the highly negative correlated volatility variable with 
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LIBOR forward rate, which is unspecified in the model. Overall, they 
suggest that three-factor model (to capture three common yield factors), 
with stochastic volatility feature (to capture the time-varying volatility of 
LIBOR) and jump (negative jump to fit the smile) are essential factors to 
price both at-the-money and away-from-the-money interest rate cap accu-
rately. 
Han (2007) 
The author develops an interest rate model that can be generalized in the 
HJM framework. The model is based on the string market model that 
developed previously by Longstaff, Santa-Clara and Schwartz (2001), who 
model the dynamics of zero-coupon LIBOR bond directly. In addition to 
this feature, the author models the bond covariance in terms of histor-
ical eigenvectors and time t eigenvalues of N yield factors, where K fac-
tors out of N yield factors are assumed to follow the stochastic volatility 
dynamics and N — K remaining yield factors assumed to have constant 
volatility. The yield factors are orthogonal and assume the innovations of 
stochastic volatility of factors are independent to the innovations of bond 
yields. Hence this avoids the dual role of stochastic volatility in affecting 
the change in conditional volatility of bonds and meanwhile drives the 
cross-sectional difference of bond yields in an affine framework. 
The author derives the pricing formula for both cap and swaption and 
study their pricing performance of the models GA[N, K), where N is the 
number of independent yield factor and K is is the number of yield factor 
that have stochastic volatility feature. He finds that the best performed 
model in pricing swaption are 2) and GA{A, 3), with mean absolute 
percentage pricing errors, lower than bid-ask spread, ranging from 1% to 
2% for most contracts. But without stochastic volatility feature, the pricing 
errors rise to around 10% for almost all swaption contracts. When put to 
price cap in the same period, the best performed model is GA{4：^ 3), with 
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mean absolute percentage pricing errors ranging from 4% to 5% for cap 
between 2 to 10 years of maturity. The pricing error of cap is not small 
judging from magnitude but they are small when comparing to cap pricing 
errors in other literature. This literature suggests the use of higher order 
factor (HJM) model with stochastic volatility feature to price interest rate 
cap and swaption while allowing for good fit to bond prices. 
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3 Preliminary Analysis of Data 
3.1 Data 
Our sample period runs from June 1, 1995, to December 31, 1998. We use 
weekly data on the LIBOR, swap rates, Federal Funds target rate and cap 
volatilities. The weekly Federal Funds target rate series is extracted from 
Datastream and the dates of announcement are available from the Board 
of Governors of Federal Reserve. We collected three-month, six-month 
LIBOR rates from British Bankers' Association and swap rates ranging 
from maturities of 1, 2, 3, 4, 5，7 and 10 years from Datastream. These 
LIBOR and swap rates are used to construct the discount yield curve for 
the cashflows of caps, under the assumption that the floating leg of swap 
is valuing at par and this effectively reflects the LIBOR-credit quality for 
the contracts. Federal Funds target rate affects the level of short term 
rate in interbank loan market. Moreover the forward rates are implied 
from the swap rates to determine the market price of interest rate cap 
in which, at-the-money cap strike rate is implied from the swap rates as 
well. FOMC meetings mostly occur on Tuesdays and sometimes extend 
over Wednesday. To ensure that the target rate announcement affects 
the money market rates effectively, the series of LIBOR and swap rates 
are extracted on Thursday weekly, to ensure that the effect of target rate 
jump on interest rates is captured. 
—Figure 1 and Figure 2 — 
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From Figure 1，we can see that the LIBOR and swap rates in general 
follow the trend of Federal Funds target rate with a premium mainly due 
to defaultable term. During the whole period, the Fed changed the target 
rate by seven times in which only one time is a upward move and the 
other six times are downward moves. At the fourth quarter of 1998, the 
financial turmoil caused by Russian financial crisis and the event of LTCM 
contributed to the raising alarm of economy that urged the Fed to lower 
the target rate down for three times by 0.75% in total during the end of 
1998. There was one move in the non-meeting day on October 15, 1998. 
So it is reasonable to assign probability of target rate jump in non-meeting 
days during the sampling period in the model. In Figure 2, we see that the 
LIBOR zero-coupon bond yield is upward sloping in the middle of sample 
period and becomes flattened at the end of period. Similarly, the swap 
rate curves are upward sloping in the beginning of and at the middle of 
the sample period. Some curves become flattened and even inverted at the 
end of 1998. 
—Table 1 and Table 2 — 
From the summary statistics reported in Table 1，the averages of LIBOR 
zero coupon bond yields range from 5.76% to 6.55% for maturities lying 
between half a year and ten years. Table 2 reports the summary statistics of 
the six swap rates with averages ranging from 5.88% to 6.58% for maturities 
lying between one year and ten years. All rates show negative skewness 
which is consistent with the fact that the interest rates are declining in the 
period. 
—Table 3 and Table 4 — 
Principal component analysis on LIBOR zero coupon bond yields and 
swap rates are reported in Table 3 and Table 4 respectively. The results 
show that first three factors account for more than 99% of LIBOR bond 
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yields and swap rates, with the first factor explains as many as 96% of the 
bond yield variations. The second and the third factor contribute in lesser 
degree with just 3.11% and 0.34% respectively. 
It should be noted that the first factor is a level factor which accounts for 
the levels of term structure for all maturities. The second factor is slope 
factor which accounts for the spread of yields at the far end and short 
end of yield curve. The third factor is called curvature or twist factor, it 
accounts for the movement of yield lying at the middle of term structure 
curve with respect to both short and long end of curve. These three major 
term structure factors also explain the swap rates as well as the LIBOR 
zero curves. 
—Figure 3 and Table 5 — 
At-the-money cap volatilities are extracted from Datastream during the 
same period weekly. The cap data includes time series of 1, 2, 3, 5, 7 
and 10-year Black volatilities. The volatilities are used to transform into 
price data via Black's model. For at-the-money cap, its price equals at-
the-money floor price with same strike rate and the difference of two prices 
equals the value of a forward swap contract. Hence at the starting of 
forward swap contract, its price is zero as both cap and floor are at-the-
money. 
Figure 3 shows that at-the-money cap volatilities are hump shaped for 
all cap maturities during the period. At the beginning of June 1995 and 
near the end of 1998, the cap volatilities are obviously higher than the 
flat period at the middle of the sample period when the Fed moved the 
target rate only one time for almost two and a half year. This possibly 
infers that factor(s) causing Federal funds target jump relates to the cap 
volatility level and hence a model based on Federal Funds target rate jump 
can possibly price interest rate options like cap and swaption. 
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3.2 Preliminary Analysis of Unspanned Stochastic 
Volatility 
We will present some results to show that the presence of unspanned 
stochastic volatility (USV) in the fixed income market in the sample period 
of June 1995 to December 1998. The objective of the test is to show that the 
term structure factors cannot thoroughly explain the fixed income deriva-
tives' pricing behavior alone or in other words, fixed income derivative 
cannot be hedged solely by bonds. 
Heidari and Wu (2003) report that three additional volatility factors 
on top of three common term structure factors, identified by Litterrnan 
and Scheinkman (1991), are needed to explain the variation in the implied 
volatility surface of swaptions. Regardless of the model can accommo-
date USV, there are some preliminary empirical supports on the presence 
of USV in fixed income market in recent literature. After showing some 
signs of support on the presence of USV, we will examine the pricing and 
hedging performance tests on interest rate cap. To demonstrate the pos-
sible presence of unspanned stochastic volatility in our sample, we first run 
separate regressions of weekly at-the-money cap and at-the-money floor 
returns on changes of swap rates with maturities of 1-, 2-’ 3-，4-，5-, 7-
and 10-year. Afterwards, we construct an at-the-money straddle by simul-
taneously longing at-the-money cap and floor. Interest rate straddle is 
insensitive to small change of interest rate and mainly exposed to volatility 
risk. We run a regression of weekly at-the-money straddle returns on the 
changes of swap rates. The results are reported in Table 6. 
—Table 6 — 
The variations of both ATM cap and floor returns that can be explained 
through the variations of swap rates are higher than that of using strad-
dles' returns. The R? and adjusted R"^  are similar for caps and floors, 
with roughly 70% and 80% respectively; while the R"^  and adjusted R] for 
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straddles are varying between 20% to 50%. Due to possible problem of 
multicollinearity of swap rates, the i?^ and adjusted R? here provide upper 
bounds for the variation of returns which can be explained by the variation 
of swap rates. 
Notice that the R"^  for caps with maturities of two years upwards are all 
lower than that for floors, this might be the reason that as caps are portfolio 
of put options on bonds and floors are portfolio of call options on bonds, the 
interest rate slump associated with a general fall of Federal Funds target 
rate during the whole sample period has caused the call options on bond to 
move towards in-the-money direction and at the same time caused the put 
options on bond move towards out-of-the-money direction. In-the-money 
floor acts like a bond than option but out-of-the-money cap acts like an 
option than bond, so the smaller price fluctuations of interest rate floor 
explains that its return is more readily determined by yield curve factors. 
To eliminate the effect of multicollinearity, we regress an equally 
weighted portfolio of at-the-money straddles on the first three principal 
components on the same set of swap rates, where these three principal 
components can explain the variation of swap rates by over 99%. The 
average R"^  and adjusted R"^  are 34% and 33% respectively, supporting 
the results above. Similar to the empirical result of Collin-Dufresne and 
Goldstein (2002a), the i-statistics of the first three principal component 
factors infers the it is significant for all the yield factors in explaining 
the variation of straddle returns. Our regression coefficient terms of the 
three principal components are negative in contrast of their results, in 
which only the coefficient of first principal component factor is negative 
for straddles. 
—Table 7 — 
In Table 7, it shows that one single factor is capable of explaining much 
of the variation of residuals of the regressions of the returns of interest rate 
cap, floor and straddle on priricipal component of swap rates, the result 
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is consistent with the finding of Collin-Dufresne and Goldstein (2002a). 
This suggests that one or two more factors are needed in addition to term 
structure factors in order to price those volatility sensitive interest rate 
derivatives as simple as cap, floor and straddle in addition to the three 
common term structure factors. 
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4 A Jump-Diffusion Model for 
Federal Funds Target Rate 
4.1 Model Specification 
The Fed controls the level of short-term rate by setting the Federal Funds 
target rate. The target is set after every meeting organized by the Federal 
Open Market Committee (FOMC), for which to achieve certain monetary 
objectives and to monitor the market. Federal Funds target rate drives 
the movement of yield curve and the target change can be modeled into 
a jump process. Apart from affecting the interest rate level, the shape 
of volatility of yield curve can also be explained by the monetary shock. 
By applying this model, both the bond and interest rate option pricing 
are reasonably impacted by the target jump factor economically, which in 
turn has impact on the whole yield term structure. This is different from 
traditional modeling of yield curve by short rate because we are modeling 
interest rate factors by a jump factor that is able to capture term structure 
information. We also provide another way to improve pricing performance 
of interest rate derivatives because the jump factor can capture the terminal 
distribution of interest rate better. 
Assume that the Fed sets the target rate based on the current infor-
mation of macroeconomic variables such as gross domestic income and 
unemployment rate etc, right before meeting, in order for the Fed to react 
and formulate new monetary policy. Therefore macroeconomic variable 
can be incorporated into the cap pricing model to improve the pricing 
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performance. More importantly, interest rate cap pricing depends on the 
interest rate level and its volatility. In essence, we can incorporate jump, 
spread between short rate and target rate, volatility of spread and macroe-
conomic variable as driving factors in formulating a afRne jump-diffusion 
pricing model to improve the pricing of interest rate cap and at the same 
time to capture the unspanned stochastic volatility in the affine framework. 
In Fan, Gupta and Ritchken (2003), the authors adopt a four-factor term 
structure model to capture unspanned stochastic volatility and show that 
higher order multifactor model is capable of pricing and hedging interest 
rate derivative (swaption) in presence of stochastic volatility. We also 
adopt a four factor model in the aim of caputring USV by one stochastic 
volatility factor and yield curve factor by three other factors. 
Various forms of dynamic term structure models have been discussed 
in Dai and Singleton (2000) and Duffie and Kan (1996). To capture USV 
in the term structure model, it is enough to specify the joint dynamics 
of forward rates and volatility of forward rates such as HJM and string 
model etc. But the disadvantage of such approach is obvious: the whole 
yield curve and bond prices are inputs of the model rather than the predic-
tions of model. Like the other dynamic term structure models, the Federal 
Funds target jump diffusion model also describes a set of latent variables 
as state vector, and the bond yield is in the form of a linear combina-
tion of these latent variables multiplied by their corresponding factor yield 
loadings. Four factors including target rate, spread (difference between 
short term rate and target rate), volatility of spread and a macroeconomic 
variable, constitute a state vector to serve as driving factors of both the 
bond price and interest rate derivatives' prices. Volatility risk of interest 
rate derivative is supposed to be hedged out by the volatility state variable 
lying in bond yield factor as described in the model. 
As suggested in Collin-Dufresne and Goldstein (2002a), in order to cap-
ture unspanned stochastic volatility, bond price alone is not sufficient to 
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identify all the model parameters. Instead, both bond price and fixed 
income derivatives price data should be employed to estimate the param-
eters as some of these parameters are more influential in matching fixed 
income derivative prices but at the same time they do not necessarily play 
significant role in matching the moments of bond or swap prices/rates. 
Therefore information lying in derivative price potentially provides better 
estimates for those parameters that are more sensitive in derivative price 
rather than term structure factors. Moreover, the existence of unspanned 
stochastic volatility empirically infers that the use of bond data in esti-
mation alone is not enough to price interest rate derivatives. Given this, 
we would like to investigate on the ability of four-factor affine jump dif-
fusion model to capture the unspanned stochastic volatility by estimating 
the parameters based on at-the-money cap price data. 
In this section, the Federal Funds target rate model is briefly introduced. 
Then it is followed by a description of estimation method. The model we 
implement here follows closely with the Federal Funds target rate model 
introduced in Piazzesi (2005). The dynamics of four factors are described 
in the following equations: 
dOt = 0.0025(^i7V厂-尸） 
dst = -f^sStdt + y/^tdwl 
dvt = - Vt)dt + a^y/vidwl 
dzt = —K'zZtdt + dwl 
where 6t is the Federal Funds target rate, St is the spread between short 
term rate and Ot, '^ t is volatility of spread and Zt is an arbitrary macroe-
conomic variable for the Fed to set the target rate, which can be applied 
to model any macroeconomic factor with zero mean normal distributed 
variable, NU and ND are counting processes with intensities A^ and A^ 
respectively, and all w^^ w'^ and w~ are independent Brownian motions 
distributed as iV(0,l). 
25 
The step size for one jump is 25 basis points and the conditional prob-
ability of up jump is given by Af during the time interval [t, t-\- df]. Usu-
ally the Fed sets the new target with magnitude of change of 25 basis 
points upon each announcement regardless of meeting and non-meeting 
days, though this is not strictly true. (For example, the Fed applied a 
50-basis point increase on 1 February, 1995) However we do not find any 
exception against 25-basis point rule in our sample data and so this setting 
. is justified. Apart from this, with intensities modelled for two different 
jump directions, we have a mix of jump directions of an up, down and no 
jump on each meeting and non-meeting days. The intensities are linked 
up by the state variables in a linear fashion (affine): 
^t = A + A0(l9t - + + Ay(vt - W) + 
A 尸 = A — Xeifk — 9t) - XsSt Kiyt -可）一Kzt 
where the means of both spread and macroeconomic variable are set to 
zero. 
In the original paper of Piazzesi (2005), the evolution of target rate 
jump is modeled in a special way. There are eight meetings for FOMC to 
determine the new target rate level per year. During these meeting days, 
the up-jump and down-jump intensities are dependent on the four state 
variables; while for the other non-meeting days, the intensities are taken 
to be constant such that the intensities match empirically the frequency of 
historical jump. Therefore in implementing her model, consideration has 
to be put on the exact time schedule for meeting clays. 
This approach introduces difficulty in implementation of the original 
model in terms of computation because it is not easy to bring in exact 
time schedule of Fed meeting in the cap pricing model. In order to allow 
for more feasible implementation, out pricing model is assumed to be based 
on the continuity of the jump diffusion intensities with respect to state vari-
ables without considering the time schedule of FED meetings. In this way, 
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the computation efforts of solving out both the factor loadings of bond and 
risk neutral exercising probabilities (computing the area by integration) in 
caplet pricing are saved because it does not need to solve some compli-
cated ODE equations when backing out the necessary coefficients in the 
computation process. The jump intensities are state-variable dependent 
in the whole estimation period, which is the major difference compared 
with Piazzesi (2005) model. Whenever the estimation encounters negative 
intensity, it is set to zero. 
The price of risk cr亡 for each state variable takes the following structural 
form: 
St, Vt, Zt] = [0, QsV^, qvCTvV^t, Qz. 
The general form of jump diffusion process Xt = [Ot, St, Vt, zt] for the 
model is: 
dXt = ^ix{Xt)dt + (Tx{Xt)dwt + Jx[dN^ - dN^) 
Under the no-arbitrage condition, the bond price satisfies the following 
jump-diffusion partial differential equation: 
0 = ft{XuT) + fx{Xur)[^.ix{Xt) -
+ \tr[fxx{Xt,T)cTx{Xt)cJx{Xtf] 一 [1,1,0,0]不 
+ [A + — XmiXt + Jx,r) — f{XuT)] 
+ [A- - Tt)][f{Xt - Jx, r) - f{Xu r)] 
The bond price is in exponential affine form as the dynamics of three 
factors apart from jump factor follow affine process. The bond price is in 
the form of: 
T) = exp[c(r) + ce{r�Qt + Cs{T)st + Cy{T)vt + c^{r)zt 
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Solve the partial differential equation by substituting the bond price 
solution form into the equation. The coefficients are time homogeneous, 
which is different from the original model of Piazzesi (2005) because the 
coefficients here do not depend on the exact FOMC meeting schedule. On 
solving a system of equations below, we can get the bond price given the 
state variables are estimated: 
dc — _ — 
— = - C y K , y V + c^ q^  - 0.5c2 + 2A - (A - X]^Tt) exp(O.OO25c0) 
- ( A + XlTt ) exp(-O.OO25c0) 
尝 = 1 — A0[exp(O.OO25c0) — exp(-O.OO25c0) 
dc 
= 1 + K.sCs - Ac[exp(0.0025Q) - exp(-O.OO25c0)； 
= QsCs + {f^v + qv(^l)cv — 0.5c^ — O.bclal 
-A^[exp(O.OO25c0) - exp(-0.0025Q)； 
^ = i^zc, - A^[exp(O.OO25c0) - exp(-O.OO25c0)； 
The bond yield is linear in the underlying state variables, which is the 
characteristics of affine term structure model. The correlation of bond 
yields of different maturities is driven by the conditional variance of factor 
because there is zero correlation among underlying factors as assumed. 
Interest rate cap is actively traded market instrument and its price is 
quoted in volatility form according to Black-Scholes model. Interest rate 
cap can be viewed as a portfolio of call options on LIBOR forward rates. 
Cap is composed of a series of caplets and each caplet is priced under 
Black-Scholes framework in market practice. The payoff of each caplet 
equals the maximum of zero and the difference between LIBOR forward 
rate determined one tenor period before the payout time and predefined 
cap strike rate. Traditionally the first payout time is not at the end of first 
tenor period as the first LIBOR forward rate is certain upon starting the 
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cap contract. The cap strike is the same for all maturities of caplets and 
applies on all the individual caplets. At-the-money caplet market prices are 
calculated from the market quotes of at-the-money cap volatility observed 
in the market and at-the-money cap strike rate is inferred from LIBOR and 
swap rates. In our case, the cap maturity is 10-year and each caplet's tenor 
is three months. Each caplet is written on three month LIBOR forward rate 
implied from LIBOR spot rate and swap rates using bootstrap method. 
Fourier transform is applied to calculate the risk-neutral exercising 
probabilities to price caplet. The general approach is to solve a system 
of complex-valued ODEs to get the characteristic functions, then invert 
the characteristic function to obtain a probability expression whose value 
depends on the values of the state variables. Borrowing the notations from 
Duffie, Pan and Singleton (2000): 
= + Kix, where Kq, K^x G 况 "x 况几xn. 
{(T{x)<T(:x)^)i^ = (/7o)zi + (Hi)ij . X, where Hq, Hi G 况似几 x 况似几xn. 
Ai(x) = /o + /i • X, where Iq) li eR x 况打. 
入2(3：) = go91-X, where 仍’ gi e^x 况打. 
R{x) = po Pi - X, where po，Pi G 况 x 况几. 
Let Oi (c) = J exp(c . z)dv(z) for up jump and 02(c) = J exp(c • z)dv{z) 
for down jump. To solve the characteristic function 
we compute the following complex-valued ordinary differential equations 
in order to get � and a{t)\ 
m = Pi - K m - - - 1 ) - giie^m)) -1) 
A � = p , - KoPit) - ^PityHoPit) - k m P i t ) ) - 1) - - 1 ) 
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The price of caplet at time t with time T payoff is: 
GcAy, Xu T) = E [ e x p ( - � R{Xs)ds)e'-''nd.Xr<y\Ft] 
which is given by: 
Gc办,Xt, T)=躺力,了) — i r 聯 + 不，⑶广 
’ 2 TT Jt V 
where ^{x) represents the complex part of x. 
On the other hand, the price of put option Put{a, b,不,t, T) on discount 
bond P{t,T) = is: 




= � — - e辦)G辦)'湘'(1116 -
where 小 equals 0.25 representing tenor of three months, c((/)) is the constant 
coefficient of bond yield for maturity and 
Note that Put(a, b, Xt,t,T) strikes at 6 = j：^ is equivalent to 
caplets at time t, receiving time T payoff if the floating forward rate is 
greater than the predetermined cap strike rate. For interest rate cap with 
maturity T written on three month LIBOR forward rate, there would be 
four times the maturity minus one number of caplets in the composition 
of cap, with each caplet having a tenor of three months. The formula for 
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pricing a A:-th caplet is: 
(1 + 尋p(— "寧)(A - 1 +傳 1—侧)+丨 
where L{{k — 1)0, kcj)) is LIBOR forward rate between the period (k — 1)0 
and kcj) determined at {k — 1)0. 
4.2 Estimation Result 
We estimate the model parameters by utilizing the information from at-
the-money market cap volatilities during the sample period. The latent 
state variables are also backed out from the cross-sectional option price 
data on each date. The objective function to minimize is equal to the 
sum of squared errors of caplet prices for all maturities, where the error in 
caplet price is defined by the difference between actual market price and 
theoretical model price. 
Let t!) be the set of model parameters which remains constant in esti-
mating the implied state variables. Let C{t, r^ ) be the actual market caplet 
price with time-to-maturity r^  for i = 1, 2 ,3 , . . . ,T = 19 at time t. Let 
A 
Ti, Xt{'d),'d) be the counterpart theoretical caplet price with latent 
state variable Xt{'d) given the parameter set d at time t, and Xt{'d) is 
defined as 
糊 二 - g m m [ ^ 1 . 
The Federal Funds target rate in Xt however is extracted from historical 
data directly without using the above method. By assuming that Xi(^^(�)= 
X^ and the conditional mean of the pricing errors are zeros, the set of 
parameter 19 is obtained from minimizing the sum of squared percentage 
pricing errors of caplet over the entire period. The parameter set contains 
fourteen parameters including: intensity of state variables (入 , X ( ) , A^ ,入幻 
and 入2)，the mean reversion parameter set ( / ^ s , � a n d �)，mean of latent 
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state variables {6 and v)^  market price of risk (g ,^ q^  and g^), and volatility 
of volatility {cjy). 
—Table 8 
The parameter estimates are reported in Table 8. These parameters are 
estimated using the above method and the state variables are backed out 
from the theoretical bond prices and swap rates. During the sample period 
there are 188 observations on weekly set of cap volatilities and LIBOR, 
swap rates. 
—Figure 4 — 
To test whether the theoretical bond prices match the market observed 
yields, the six-month LIBOR and some swap rates are implied from the 
latent state variables in each week. Figure 4 shows that the projected rates 
match the shapes of historical market rates in close manner. 
—Table 9 — 
Table 9 selects six-month LIBOR rate, 1-, 2-, 3-’ 5-, 7- and 10-year 
swap rates in the comparison and reports their root-mean-squared-errors 
(RMSE) of percentage errors of market yields and the implied yields, 
which is measured as the difference between market yield and implied yield 
divided by implied yield. The errors are generally small and this shows that 
the model captures the bond and swap rates satisfactorily. 
Like other affine term structure models, zero coupon bond yield is linear 
in the state variables, in the form of: 
V " T � InP(力,T) 
W ’ ” = —~T - t 
= + + cy{t,T)st + cJT)vt + cy{t^T)zt 
where c"(力，T) are the yield responses to factor shocks. This Federal Funds 
target rate model, as stated in Piazzesi (2005), captures the term structure 
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movement also by level, slope and curvature factor. The target rate 6t is a 
slope factor because target rate change affects the short end of yield curve 
more than at the long end especially in the model with mean reversion 
feature. 
—Figure 5 — 
From Figure 5, the yield response to vt shock is quite fiat along the 
maturity and its shock effect enable vt to be level factor. The macroeco-
nomic variable Zt is a curvature factor as shown in the figure, the yield 
response of Zt is hump shaped and strike a peak at around two year of 
yield curve. These features have been already discussed in Piazzesi (2005). 
While the model is calibrated by option data, apart from matching the 
bond yields satisfactorily, this model also exhibit original feature of model 
simultaneously. 
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5 Pricing and Hedging Performance 
of Interest Rate Derivatives 
5.1 Pricing Performance of Interest Rate Cap 
To study the model's capability of capturing the terminal probability distri-
bution of the payoff, we assess the pricing performance of our affine jump-
diffusion model on interest rate cap. We have 39 at-tlie-money caplets and 
in order to present the pricing performance more neatly, difference cap con-
cept is used, which is borrowed from Li and Zhao (2006). Difference cap is 
a portfolio of two neighboring caplets, for example, a 9-year difference cap 
consists of two caplets with 8.75 and 9 years of maturity. So we can present 
the result by only 19 different caps spanning from 1-year to 10-year. 
The pricing performance of interest rate caplets can be measured in two 
common ways. The first way is to measure the root-mean-squared-error 
(RMSE) of the percentage pricing errors of difference cap for each maturity. 
Percentage pricing error is defined as the difference between a market price 
and model price divided by market price. The second way is to calculate a 
simple average of percentage pricing error for each maturity. Li and Zhao 
(2006) measures the pricing error based on concept of difference cap and 
hence we can compare our pricing result with theirs more readily. 
—Table 10 — 
Our result of RMSE of percentage pricing error of difference cap is 
summarized in Table 10. All the RMSE pricing errors are single digit per-
centages spanning for all maturities up to 10 year. The result demonstrates 
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that the model has difficulty in pricing difference cap. The pricing result 
of Li and Zhao (2006) also shows similar problem in pricing difference cap. 
Their best model based on quadratic term structure model shows that the 
RMSE pricing errors for at-the-money difference caps are ranging from 8% 
to 17%. 
—Table 11 
While it is difficult to tell the direction of mispricing from RMSE mea-
sure, we present the result of average pricing error of difference caps in 
Table 11. The absolute values of average pricing errors are generally smaller 
than the corresponding result of RMSE pricing errors with respect to matu-
rity. Difference caps' average pricing errors in Li and Zhao (2006) are within 
7% for all maturities and long term difference caps are underpriced more 
often than short term difference caps. Similar feature is also shown in our 
result. This may be due to the difficulty in capturing the long end of the 
hump shaped cap volatilities. 
J arrow, Li and Zhao (2007) implements a multifactor HJM-class model 
characterizing by both stochastic volatility and jump features of LIBOR 
forward rates in order to capture the volatility skewness in cap market. 
Their model is able to price difference cap with excellent precision and 
show that long term difference cap are more overpriced than short term 
difference cap. However their model belongs to HJM class, which is nat-
ural to accommodate USV, takes the whole yield curve as input rather 
than prediction of model. On the other hand, Longstaff, Santa-Clara and 
Schwartz (2001) implements a string market model which allows an extrac-
tion of implied covariance matrix from swaption data to test the relative 
valuation issue between interest rate cap and swaption. Their result shows 
that the average pricing errors of cap from 2-year to 10-year maturity are 
around 10% , with the largest pricing error reaches 23% for short term 
cap. This shows that dynamic term structure model can possibly generate 
better result than HJM class model. 
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In a similar fashion, Han (2007) employs a string market model, a kind 
of HJM model, which does not assume constant bond covariance and model 
the risk factors that drive the stochastic bond covariance dynamically. 
Their average cap pricing errors are mostly between 0 and 3% for matu-
rities of 2 to 10 years, which is comparable to our result here given that 
they have employed HJM class model which is ready to incorporate USV. 
Since our model does not belong to HJM model but our result of pricing 
error for cap is smaller than or with similar size with the results of other 
comparable literature, our pricing performance of interest rate caplet is not 
bad. However, though the implied swap yields are fitted quite well to the 
observed swap yields, the model is only marginally efficient in pricing cap, 
by looking at the size of RMSE of percentage pricing errors (single digit). 
Driessen, Klaassen and Melenberg (2003) analyze the pricing and 
hedging behavior of both caps and swaptions using gaussian HJM class 
model for one factor to three factor. They use five years data between 
1994 and 1999 and adopt two kinds of estimation methods to model the 
parameters - option-based estimation and interest rate-based estimation. 
They find that the pricing errors of caps and swaptions are not small as 
the average absolute pricing errors of caps are around 6% to 17% while 
that of swaptions are around 7% to 18%. The multifactor models impose 
smaller pricing errors than single factor model for both cap and swaption 
and the result of the model using option-based estimation is slightly better 
than interest-rate based estimation. 
Andersen and Benzoni (2006) investigate the relationship between the 
realized volatility of bond yield and the term structure factor in US trea-
sury market. Their data include treasury yields ranging from 3 month to 
10-year and are extracted from on-the-run issues from 1991 to 2001. They 
run regression of the realized yield volatility on the principal component 
of the treasury yields and find that the R) was less than 4% for all the 
yield maturities. The results are similar when they test with weekly and 
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monthly yield volatility. Hence they conclude that interest rate volatility 
cannot be extracted from the cross-sectional bond yields and a fit to interest 
rate volatility (e.g. hedging of volatility sensitive straddle) may require 
USV restriction either on affine term structure setting or outside the affine 
framework. In light of this, in our model setting we calibrate the model 
using option data other than the interest rate data alone in the objective 
of improving the model's capability of capturing the volatility factor which 
might be hidden in the cap data but not in bond data. Besides, we also 
explicitly incorporate the volatility factor in our model intended to cap-
ture USV, in such case the bond yield is a linear combination of volatility 
and other state variables, so we can test whether affine term structure 
framework is capable of pricing and hedging interest rate derivative. 
On the other hand, Bikbov and Chernov (2005) compare the differ-
ences between gaussian (constant volatility model), stochastic volatility 
and unspanned stochastic volatility models in terms of their pricing ability 
and other empirical features to model the term structure. They use a 
long series of historical data, covering 1994 to 2001, comprising of both 
option volatilities and Eurodollar futures data. Their USV model is a non-
jump affine term structure model that imposed with some restrictions on 
parameters in order to allow for the separation of the effects that volatility 
factor accounting for pricing derivative and fitting bond yield at the same 
time. They find that their USV model is not superior, but in fact worse 
than gaussian and stochastic volatility featured model in terms of pricing 
ability and ability to match both conditional mean and volatility. Following 
this, it may not need to put parameter restrictions in order to accommo-
date USV explicitly. A disadvantage of introducing parameter restriction 
is that there will be more parameters to estimate than another model with 
the same setup but without this feature. Another relevant result they find 
is that when they estimate the model parameters by two different sets of 
data: firstly using both option and term structure data, and secondly using 
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the term structure data only to estimate the parameters, the pricing errors 
in all their three models using the former approach are smaller than the 
latter. Though the information content of option data and relevant term 
structure data might be similar, the use of option data to estimate deriva-
tive model price could yield more fruitful result and hence this supports 
that in order to capture USV and pricing of interest rate derivatives, we 
should use option data in addition to interest rate data for estimation. 
Our pricing performance of caplets is improved when comparing to the 
result of Li and Zhao (2006) and Driessen, Klaassen and Melenberg (2003). 
This might be due to the method of parameter estimation, as we back 
out the parameters based on derivatives' data rather than interest rate 
data alone and also we model the jump factor to capture the interest rate 
distribution. 
5.2 Hedging Performance of Interest Rate Caplet 
In this section we examine the performance of hedging performance of 
interest rate caplet by looking at the weekly price changes of caplets across 
different maturities. To hedge a caplet, we only use the three underlying 
state variables, spread, volatility of spread and macroeconomic variable 
except the target rate jump factor because we simply assume that for both 
non-meeting and meeting days, the timing of Federal Funds target rate 
jump is unknown to the public until announcement. We can use either 
some zero coupon bonds with appropriate maturities or underlying state 
variables as hedging instruments. We simply use the latent state variables 
as hedging instruments in this context. Using latent state variables is 
better because if we use zero coupon bonds as hedging instruments, the 
potential error from model misspecification can introduce another layer 
of bias when determining the deltas of zero coupon bonds in hedging as 
pointed out by Li and Zhao (2006). Hedging performance is conducted 
with weekly re-balancing in which model-based hedge ratios are kept until 
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next week and update. The difference between weekly changes of hedged 
position of caplets is equal to a long position in caplet and short position 
in hedging state variables, in which the short position is calculated as sum 
of products of state variables and their corresponding hedge ratios. 
To measure the performance of hedging interest rate caps, variance 
ratios are calculated. This represents the percentage of variation reduction 
that can be achieved through hedging. On the other hand, we obtain the 
adjusted B? estimates in linear regression by regressing the weekly change 
of caplet prices on changes of three latent state variables in the sample 
period. As interest rate cap is a standard OTC derivative contract, caplet 
price with maturity one week shorter than standard maturity cannot be 
observed directly from market prices. So in order to get the relevant caplet 
prices with maturity one week shorter, we interpolate the caplet prices with 
respect to maturity that is one week shorter than standard maturity. For 
the regression test, both the hedging residuals and caplet price changes are 
recorded for each set of caplet maturity. In addition to produce one-week 
rebalancing interval hedge result, we also perform two, three and four-
week rebalancing interval hedges as well. During the regression test, all 
the hedge ratios are kept the same until end of each rebalancing period in 
the hedge. The variance ratios and the adjusted B? estimates are reported 
ill Table 12 and Table 13 respectively. 
—Table 12 and Table 13 — 
The variance ratios reported in Table 12 show us a consistent hedging 
performance on ATM caplet returns by using the state variables as hedging 
instruments across different maturities, with ratios ranging from 80% to 
96% for one-week rebalancing sample, above 68% for two-week sample, 
above 58% for three-week sample and at least 55% for four-week sample. 
In comparison of Fan, Gupta and Ritchkeri (2003)，they show that 
the B? obtained from regression for one-week rebalancing period and a 
four-factor model, either with recalibration or without recalibration, are 
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around 90% in explaining the swaption's hedging effectiveness by using 
coupon bonds as hedging instrument. From Table 13，we observe that 
their reported result of hedging effectiveness are quite similar to the result 
we get for one-week rebalancing period. However for two-week, three-week 
and four-week rebalancing samples, their result shows a higher percentage 
of hedging effectiveness of around 90%. A better result they get for long 
term swaption hedge probably arises from their usage of HJM type model 
which models bond price directly, while for one-week rebalancing hedge, 
we yield similar hedge result. Overall, our B? indicates that more than 
60% of variations of caplet return can be explained through the variations 
of the three latent state variables for all maturities. 
—Figure 6 — 
The box and whisker plot of some selected hedging errors together with 
unhedged pricing errors are shown in Figure 6, the medians of derivation 
of both the hedged and unhedged positions' errors are roughly zero. The 
median of hedging errors is within 1 basis point for all maturities and the 
median of unhedged position error is around 1 to 3 basis points difference. 
Hence the pricing performance result of caplet measured by root-mean-
squared-error is reliable as the median of derivation of unhedged position 
is close to zero. 
—Table 14 — 
To explore the factor that drives the caplet hedging error, principal 
component analysis of ATM caplet hedging errors is conducted. Result in 
Table 14 shows that there are three major components adding to explain 
more than 99% of the hedging errors for caplets for all maturities. To 
analyze further on these three factors, we regress each principal component 
factor of hedging residual on the set of swap rates and cap volatilities. The 
adjusted B? from the regression of the three principal component of residual 
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factors are summed up to get a gross value. If the hedging errors can be 
explained by volatility or swap rate, the model may be misspecified and 
cannot capture USV factor. 
The regression result shows that the one-week rebalancing hedge's sum 
of adjusted R"^  is around 25% by using weekly changes of swap rates span-
ning from 1 to 10 year to account for the caplet hedging error; and that of 
the sum of adjusted E? is around 19 percent by using weekly changes of 
ATM cap volatilities to account for caplet hedging error. Hence, from one-
week rebalancing hedge result, the hedging error residual is only marginally 
explained by change of swap rates and cap volatilities which implies that 
both volatility factor and term structure factors are delta hedged in good 
manner solely by the latent state variables. Besides, the principal compo-
nent factors that drives the hedging error looks like random from a time 
series plot. This may be due to coarseness of data or simply from bid-ask 
spreads of the prices. 
We repeat the above regression test on hedging residuals three more 
times except by changing one-week hedge position to two-, three- and 
four-week delta rebalancing positions. Similarly, more than 90% of the 
residual errors can be explained through three major principal components 
in each different delta rebalancing periods. Both the summed adjusted E^ 
by changes of swap rates and ATM cap volatilities increase steadily, this 
suggests the hedge by latent state variables deteriorate. For longer period 
rebalancing hedge, more and more variations of hedging residual errors 
are accounted by the swap rates and volatilities. This suggests that it 
becomes more difficult for the model to hedge away both interest rate and 
volatility risk. Hence, the model is more suited to hedge away interest 
rate and volatility and to capture unspanned stochastic volatility factor in 
short term. Moreover, we see that the percentage variation explained of 
the first three major principal component factors are quite flat from one-
week to four-week rebalancing hedge. This suggests that some unspanned 
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stochastic volatility factors are already lying in the residual errors and the 
model is not readily to capture all these factors even for one week hedge. 
5.3 Hedging Performance of Interest Rate Straddle 
Interest rate straddle is a combination of long cap and long floor position 
at the same strike rate. We set up an at-the-money straddle component by 
summing up the values of at-the-money caplet and flooiiet at time t, then 
we assess the hedging performance of this straddle component by freezing 
the model-based hedge ratios for one to four weeks starting from time 
t. The reason to construct a straddle test because a straddle is immune 
to small change of interest rate movement around the strike, but it is 
sensitive to volatility swing, hence we can measure the model performance 
on hedging volatility risk in a direct way. 
As the theoretical delta for a straddle is identically zero, so apart from 
establishing delta-neutral position in its hedge portfolio, we also need to set 
up a gamma-neutral position to avoid the curvature risk the straddle faces. 
We have the model caplet price and we also need the model flooiiet price 
for estimation of deltas and gammas of the floorlets. Model fioorlet price is 
calculated under the same set of parameters and state vector using similar 
closed form solution which can be easily derived by the same approach as 
caplet. We follow the approach of Fan, Gupta and Ritchken (2003) and Li 
and Zhao (2006) to set up a delta-neutral and gamma-neutral hedge for the 
straddle to hedge away any effect on small interest rate movement. Using 
same approach as previous delta hedge of caplet, latent state variables are 
chosen as hedging instruments over the coupon bonds and target rate jump 
factor is left unhedged. Straddle component's gamma is estimated based 
on model sensitivities to sum of caplets and floorlets. 
The hedging analysis conducted by Li and Zhao (2006) on cap straddles 
shows that bonds cannot hedge the volatility risk and the hedging residual 
contains volatility factor that can be explained by ATM cap volatility with 
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average of 90% for caplets of maturities between 3 and 10 years. In addi-
tion they associate straddle hedging error with cap implied volatilities, by 
showing that the straddle hedging residual contains factor, rather than the 
liquidity risk factor (the R"^  of regression of at-the-money straddle hedging 
error on at-the-money cap bid-ask spread is usually lower than 25% for 
all maturities of cap), which cannot be captured by their quadratic term 
structure model. Hence they put forward that the hedging residual is com-
posed of unspanned stochastic volatility factor which is not accommodated 
readily in their quadratic term structure model. 
Based on these results, they employ the first few principal components 
of ATM straddle hedging residuals as proxy of USV factor, together with 
the three common yield factors, and attempt to explain the variations of 
hedging errors of cap and cap straddles across wide range of moneyness 
and maturities. Their results show that at least 70% of variation can be 
explained in presence of USV proxy factor, with some cases above 90%. 
Their results suggest that the missing factor is closely related to USV 
given that the pricing of volatility sensitive interest rate derivative is based 
on a well fitted model to bond yield. In contrast, the hedging analysis 
conducted in Fan, Gupta and Ritchken (2003) on swaption straddles shows 
that a four-factor model based on HJM class model can explain as large as 
73% of variation of unhedged position for one-week out-of-sample and at 
least 70% for two to four week out-of-sample. Hence they claim that the 
incorporation of USV factor into the model might not be necessary as the 
hedging performance of swaption straddle is pretty good. 
—Table 15 — 
We analyze the straddle delta-neutral and gamma-neutral hedge by com-
paring the variances of the hedged position and the unhedged position. The 
variance ratio of straddle hedging effectiveness is reported in Table 15. For 
each maturity, we calculate the portfolio value of corresponding long caplet 
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and long floorlet position to construct a straddle component for that matu-
rity. Some selected maturities are reported ranging from 0.75- to 10-year. 
The average of the variance ratio is around 80% for one-week rebalancing 
interval and falls down 10% to 20% on average for two-week rebalancing 
period, this represents a satisfactory hedging performance for short horizon. 
The result is better than that of Li and Zhao (2006) when comparing with 
the result of their at-the-money tranche only. The hedging performance for 
straddle is moderate only when comparing with the hedging performance 
of caplet here, but still accounts for more than 70% for most maturities for 
one-week rebalancing interval. 
Federal Funds target rate change has its impact on monetary and eco-
nomic condition of US market. Specifically, its impact on short end and 
at the middle of term structure of US yield curve is the largest and dimin-
ishes on long end of term structure due to mean reversion of target rate 
and macroeconomic factor. This might be the reason why the straddle 
hedging effectiveness has a trough at around 2 to 3 year straddle, as we can 
see the hedging performance improves for longer term straddle. After all, 
hedging analysis provide way to assess the capability of model to capture 
the dynamics of factor variables. If the hedging performance is bad persis-
tently, this may be due to inability of the model to capture the dynamics 
of factor or the model is misspecified. 
—Figure 7 and Table 16 — 
In Figure 7, both unhedged and hedged positions for the selected matu-
rities are plotted against each other, the medians are around zero and 
the variation of hedged positions are small compared to the corresponding 
unhedged positions. To understand the hedging effectiveness better, we 
regress the hedging residuals on the set of six swap rate changes from 1 year 
to 10 years. The result is reported in Table 16. The E^ for both one-week 
and two-week rebalancing interval samples are mostly below 20%, shows 
that only little variations of hedging residuals can be explained through the 
44 
� - � 
changes of swap rates. The result is similar if only major principal com-
ponent factors of changes of swap rates are used as explanatory variables 
and hence will not be reported here. 
—Table 17 
To further identify what factors constitute the straddle hedging resid-
uals, we test whether the hedging residuals contain any volatility related 
factor. If the residual consists of volatility related factor significantly, the 
model cannot hedge the volatility risk effectively and infers that our model 
cannot capture USV. In Table 17, we carry out regression of the straddle 
hedging residuals on changes of ATM cap volatilities and ATM floor volatil-
ities separately. Each set of cap or floor volatilities are consisted of matu-
rities of 1-, 2-, 3-，5-，7- and 10-year. The result is similar if only first 
few principal component factors of changes of ATM volatilities are used as 
explanatory variables and hence will not be reported here. From the 
statistics, the variations of cap or floor volatilities cannot explain much of 
the variation in the straddle hedging residuals. For one-week rebalancing 
interval sample, not more than 10% of variations can be explained by the 
volatilities and for two-week rebalancing interval sample, not more than 
30% can be explained. As the hedge deteriorate over time, the R^ for 
two-week rebalancing interval sample are consistently greater than the R^ 
for one-week rebalancing interval sample. Overall, the result shows that 
volatility risk is hedged out to a certain extent within short period but not 
for longer period like 1-month and longer. 
—Table 18 — 
Principal component analysis is also conducted on the straddle hedging 
residuals. Results reported in Table 18 show that there is one major 
factor that capable of explaining over 70% variations of residual errors. 
Comparing with Li and Zhao (2006) and FGR (2003), their single major 
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principal component factors of straddle hedging residuals are capable of 
explaining 59% and 57% respectively. Our result shows that one major 
factor is still in the presence of residuals which might be due to USV, as 
Li and Zhao (2006) and FGR (2003) suggest. But this may not be signif-
icant since we do not need to capture USV completely in order to hedge 
interest rate risk in cap or straddle for short horizon effectively. Other 
than unhedged USV factor, our straddle hedging residuals might be con-
taminated with measurement error, bid-ask spread and might be affected 
by the coarseness of data. 
—Table 19 — 
Compute the correlation matrix of straddle hedging residuals taken from 
one-week rebalancing interval sample, the result is reported in Table 19. 
The correlations among the selected maturities are all positive and mostly 
more than 0.5 within 5 years of maturities. This shows that there exists 
close linkage among the hedging residuals and it is possibly that 1 to 2 main 
driving factors are responsible for the hedging residuals. When the corre-
lation matrix is computed again in the same way except for replacing the 
rebalancing period from one-week interval sample by one-month interval 
sample, we find that for most maturities, the positive correlation relation 
among residuals are strengthened. This is probably due to hedge slippage 
of the latent state variables and missing factor. 
To summarize, from the hedging analysis conducted on interest rate 
caplet, over 80% of variations is effectively reduced by hedging with under-
lying state variables for one-week rebalancing period, this infers that the 
model may not be misspecified and significant amount of volatility risk 
is captured. Moreover, from previous result, straddle residual errors are 
hardly explained by both the swap rate and volatility. Though previous 
analysis shows that one major principal component factor of straddle 
hedging residuals accounts for over 70% of variations, its impact on pricing 
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and hedging of volatility sensitive straddle are not significant as wit-
nessed from the satisfactory short term hedging performance of straddle. 
Therefore the USV factor in residual errors are not necessarily to be fully 
captured for short term hedging purpose. 
As straddle faces curvature risk and its payoff depends on the underlying 
factor in a nonlinear way, we repeat the regression of the straddle residual 
on the square and cube of the changes in the underlying state variables, 
and the result shows that no significant improvement on the and hence 
it infers that the volatility risk has been covered mostly by the volatility 
state variable, though it is not captured completely. Hence the need of 
incorporation of unspanned stochastic volatility factor into the model may 
not be necessary given that if the hedging frequency is high and the param-
eter estimation is based on derivatives data rather than interest rate data 
alone. Besides, while it is not tested here how many risk factors should be 
included to explain the volatility surface and whether lower order models 
can hedge as effective as higher order models do, higher order model is 
suggested to capture both the interest rate and volatility risk as pointed 
out by Fan, Gupta and Ritchken (2003). Jump factor have to be incor-
porated to account for the volatility skewness or otherwise the symmetric 
distributions of state variables are likely to make the pricing and hedging 
of derivatives more difficult especially when the historical cap volatilities 
are usually hump shaped. 
Whether to incorporate the correlation risk of the underlying state vari-
ables in cap pricing is not pursued here. The model here assumes no 
correlation risk among the state variables. The effect of correlation on 
cap pricing is intuitive: cap is a portfolio of interest rate options with 
adjacent maturities, and cap pricing depends on forward rate volatilities, 
but not on the correlation of forward rates as in Driessen, Klaassen and 
Melenberg (2003). Rebonato (1999) claims that one factor model may be 
sufficient to price cap because in one-factor model, the forward rates are 
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instantaneously perfectly correlated. In stark contrast, Collin-Dufresne 
and Goldstein (2002b) argue that the numeraire effect, resulting from a 
switch of risk neutral measure to forward measure in pricing cap, forces 
cap pricing to depend on correlation. This can be extended along but it is 
not the objective here. 
48 
6 Conclusion 
Recent empirical investigations on factor that affects the pricing of fixed 
income derivatives but does not affect bond pricing suggest that the factor 
is related to stochastic volatility and term this phenomenon as unspanned 
stochastic volatility. The realized yield volatility cannot be explained 
through yield in treasury market which implies that volatility risk cannot 
be hedged solely by bonds. This suggests that interest rate derivatives 
are not redundant assets in bond market. By adopting a modified Fed-
eral Funds target rate jump diffusion model, we examine the pricing and 
hedging performance of interest rate derivatives given that bond and swap 
yields are well fitted. The bond pricing behavior is comparable to the orig-
inal model developed by Piazzesi (2005) even though some modifications 
have been edited to the original model. By estimating the parameters and 
extracting latent state variables through option-based data, together with 
interest rate data, even though the result shows that the pricing behavior 
of cap is not fully captured, the pricing errors are reduced compared to 
other literature. 
On the other hand, by directly using latent state variables as hedging 
instruments, our hedging performance tests on cap and straddle show that 
short term hedging performance is generally satisfactory as both significant 
volatility and interest rate risk are hedged away which is evidenced through 
large reduction of variance in both hedged cap and straddle portfolio. This 
suggests that we may not need to artificially inject parameter restrictions 
or incorporate the USV factor explicitly in HJM type models in order to 
capture USV and exhibit good hedging performance for short horizon. 
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The principal component analysis of straddle hedging residuals shows 
that one principal component which is capable of capturing over 70% of 
variation but we do not identify that factor. The straddle hedging residuals 
are positively related across available maturities. Finally it remains uniden-
tified whether incorporating the correlation structure in the dynamics of 
factors can further improve both pricing and hedging behaviors. 
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Figures 
Figure 1: Historical Federal Funds Target Rate, LIBOR and Swap Rates 
This figure shows the Federal Funds target rate, LIBOR and swap rates in the sample 
period from June 1，1995, to December 31，1998, i.e., 188 weeks in total. 
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Figure 2: Term Structure of LIBOR Zero-Coupon Bonds 
This figures shows the historical term structure of LIBOR zero-coupon bonds in the sample 
period from June 1, 1995 to December 31’ 1998, i.e., 188 weeks in total. 
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Figure 3: Term Structure of ATM Cap Volatility 
This figure shows the term structure of at-the-money Black volatilities of cap in the sample 
period from June 1，1995 to December 31, 1998，which shows a typical hump shape cap 
volatility term strucutre. 
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Figure 4: Difference Between Theoretical Implied Rate and Actual Rate 
Each figure plots a time series of actual yield and theoretically implied yield from the 
model. The left figure corresponds to 10-year swap rate; the middle one corresponds to 
2-year swap rate; the right one corresponds to six-month LIBOR rate. The difference 
between theoretical implied rate and actual rate are small from the figures. 
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Figure 5: Response of Yield Shocks 
This figure shows the four responses in bond pricing. The four state variables include 
target rate, spread, volatility of spread and macroeconomic variable. These are the neg-
ative of bond factor loadings divided by time to maturity. 
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Figure 6: Comparison of ATM Caplet Delta Hedged and Unhedged Positions 
This figure shows the box-whisker plot of comparisons of unhedged (left) and hedged 
(right) positions of at-the-money caplets for selected maturities. 
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Figure 7: Comparison of ATM Straddle Delta and Gamma Hedged and Unhedged Posi-
tions 
This figure shows the box-whisker plot of comparisons of unhedged (left) and hedged 
(right) positions of at-the-money straddle components for selected maturities. 
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Table 1: Summary Statistics of LIBOR Zero Coupon Bond Yields 
This table reports the summary statistics of LIBOR zero coupon bond yields across the 
maturities of 0.5-, 1-, 2-，3-’ 5-’ 7- and 10-year. The sample period is from June 1，1995 
to December 31, 1998, i.e., 188 weeks in total. 
Maturity 0.5-yr 1-yr 2-yr 3-yr 5-yr 7-yr 10-yr 
Mean (%) ^ ^ ^ ^ ^ ^ 6 . 5 5 
Standard Deviation (%) 0.24 0.34 0.46 0.48 0.5 0.52 0.53 
Skewiiess -1.21 -1.11 -0.91 -0.72 -0.51 -0.39 -3.01 
Kurtosis 4.08 4.03 3.67 3.29 2.85 2.96 2.31 
Table 2: Summary Statistics of Swap Rates 
This table reports the summary statistics of six swap rates across the maturities of 1-, 2-, 
3-，5-, 7- and 10-year. The sample period is from June 1，1995 to December 31，1998, i.e., 
188 weeks in total. 
Maturity 1-yr 2-yr 3-yr 5-yr 7-yr 10-yr 
Mean(%) ^ 6 ^ O ^ 6 . 5 8 
Standard Deviation(%) 0.35 0.47 0.49 0.51 0.52 0.53 
Skewness -1.11 -0.92 -0.73 -0.54 -0.42 -0.33 
Kurtosis 4.03 3.68 3.32 2.90 2.66 2.41 
55 
Table 3: Principal Component Analysis of LIBOR Zero Coupon Bond Yields 
This table reports the percentage of variations in the changes of LIBOR zero coupon bond 
yields (across the maturities of 0.5-, 1-, 2-, 3-’ 5-’ 7- and 10-year) explained by the first 
three principal component factors and the sum of remaining four principal component 
factors. 
Principal Component Factor 1 Factor 2 Factor 3 Remaining Factors 
Percent Explained (%) 96.48 3J1 OM 0.075 
Table 4: Principal Component Analysis of Swap Rates 
This table reports the percentage of variations in the changes of swap rates (across the 
maturities of 1-，2-，3-，5-, 7- and 10-year) explained by the first three principal component 
factors and the sum of remaining four principal component factors. 
Principal Component Factor 1 Factor 2 Factor 3 Remaining Factors 
Percent Explained (%) 96.03 3.72 0.24 ^ 
Table 5: Summary Statistics of ATM Cap Volatility 
This table reports the summary statistics of six at-the-money cap volatilities across the 
maturities of 1-, 2-，3-, 5-, 7- and 10-year. Principal component analysis on these six 
series is performed and the result of percentage of variations explained by all six principal 
component factors is presented below. 
Maturity 1-yr 2-yr 3-yr 5-yr 7-yr 10-yr 
Mean(%) 14.70 17.80 18.50 18.50 17.80 17.00 
Standard Deviatioii(%) 4.13 4.11 3.64 3.20 2.62 2.07 
Principal Component Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 
Percent Explained (%) 95.586 3.885 0.338 0.097 0.063 0.030 
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Table 6: Regression Analysis of ATM Cap, Floor and Straddle Returns on Swap Rate 
Changes 
This table reports the R^ and adjusted B? of the regressions of weekly returns of at-the-
money interest rate caps, floors and straddles on weekly changes of swap rates across the 
maturities of 1-, 2-，3-’ 5-, 7- and 10-year. 
Cap Floor Straddle 
Maturity ~ R ^ Adj. B? Adj. R^ E? Adj. R^ 
1 0.7026 0.6910 0 . 6 4 9 0 0 . 6 3 5 3 0 . 4 7 5 4 0 . 4 5 5 0 
2 0.7102 0.6989 0.8333 0.8268 0.4792 0.4589 
3 0.7601 0.7508 0.8603 0.8549 0.3587 0.3337 
5 0.6838 0.6715 0.8147 0.8075 0.2425 0.2130 
7 0.7323 0.7219 0.8182 0.8111 0.2084 0.1776 
10 0.7456 0.7357 0.8032 0.7956 0.2118 0.1812 
Table 7: Principal Component Analysis of Regression Residuals of ATM Cap, Floor and 
Straddle Returns on Changes of Swap Rates 
This table reports the percentage of variation explained through the six principal compo-
nents obtained from the regression residuals in Table 6. The first factor listed represents 
the major factor and the sixth factor represents the least important factor in terms of 
ability to account for variation. 
Factor Cap Floor Straddle 
1 91.3162 8 1 . 0 7 0 1 8 3 . 6 2 9 2 
2 5.9580 16.2300 14.5516 
3 2.5066 2.2160 1.1448 
4 0.1869 0.4540 0.6624 
5 0.0295 0.0266 0.0105 
6 0.0029 0.0033 0.0015 
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Table 8: Estimation of Four-Factor Jump-Diffusion Term Structure Model based on Fed-
eral Funds Target Rate 
This table reports the parameter estimates and standard errors of the Federal Funds 
target jump affine model. The estimation is based on minimizing the sum of squared 
percentage pricing errors of at-the-money caplets implied from the at-the-money Black 
volatility. The sample period is from June 1，1995 to December 31, 1998, i.e., 188 weeks 
in total. 
parameter estimate standard deviation 
d 0.05424 二 
V 0 . 0 0 0 5 0 . 0 0 0 5 
KS 1 7 . 8 9 3 3 3 . 8 1 5 2 
KY 0 . 2 5 9 6 0 . 6 1 8 1 
K , 0 . 6 8 9 4 0 . 1 5 8 8 
A 9 7 . 1 0 2 8 1 7 6 . 5 5 0 0 
AFL - 4 8 7 . 6 8 5 3 1 1 6 . 6 7 0 0 
A , 1 6 . 5 5 2 7 8 . 8 9 9 0 
A ^ 3 1 4 8 . 1 6 5 0 1 9 3 1 . 4 0 0 0 
A , 6 . 2 0 4 7 3 . 4 7 2 1 
Q , - 7 . 9 0 2 1 2 . 7 2 4 9 
QY - 1 8 5 3 . 9 2 9 6 2 2 8 8 . 8 0 0 0 
Q , 1 . 8 8 9 5 1 . 0 4 9 7 
CR^  0 . 0 1 4 0 0 . 0 1 7 9 
Table 9: Pricing Errors of LIBOR and Swap Rates 
This table reports the root-inean-sqiiared-error of percentage pricing error of LIBOR and 
swap rates. The percentage pricing error is defined as the difference between market rate 
and implied rate divided by market rate. 
• Maturity 0.5 1 2 5 7 10 
RMSE (%) 0.0578 1.0599 0.1468 0.2310 0.3111 0.3813 
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Table 10: Pricing Performance of ATM Interest Rate Caplet: RMSE of Percentage Pricing 
Error 
This table reports the root-mean-squared-error of percentage pricing error of 19 at-the-
money difference caps. Difference cap is formed by joining the adjacent maturity terms' 
caplet and its price equal to the difference between two nearest neighboring caps. 
Maturity RMSE of percentage error Maturity RMSE of percentage error 
1 8.48% 6 6.24% 
1.5 8.18% 6.5 5.68% 
2 7.64% 7 5.14% 
2.5 5.69% 7.5 4.74% 
3 5.16% 8 3.90% 
3.5 5.84% 8.5 3.48% 
4 5.65% 9 4.41% 
4.5 6.26% 9.5 5.33% 
5 6.84% 10 5.87% 
5.5 6.66% 
Table 11: Pricing Performance of ATM Interest Rate Caplet: Average of Percentage 
Pricing Error 
The table reports the simple average of percentage pricing error of 19 at-the-money dif-
ference caps. Difference cap is formed by joining the adjacent maturity terms' caplet and 
its price equal to the difference between two nearest neighboring caps. 
Maturity Average pricing error Maturity Average pricing error 
1 7.81% 6 -2 .96% 
1.5 1.28% 6.5 -2 .73% 
2 1.76% 7 - 2 . 5 % 
2.5 2.89% 7.5 -2 .29% 
3 3.85% 8 -4 .76% 
3.5 1.90% 8.5 -4 .81% 
4 0.26% 9 -1 .49% 
4.5 -1 .24% 9.5 1.76% 
5 一 2.62% 10 4.04% 
5.5 -3 .35% 
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Table 12: Hedging Performance of ATM Interest Rate Caplet 
This table reports the hedging effectiveness of selected at-the-money interest rate caplets. 
Hedging performance is measured in terms of variance ratio, which is the percentage of 
the variations of an unhedged position that can be hedged away. The hedging delta is 
not updated until next rebalancing period. The hedging performances with four different 
rebalancing intervals, from one to four weeks, are measured. 
Rebal. Maturity 
interval 1.5 2 2.5 3 4 5 6 7 8 9 10 
1-week 0.818 0.837 0.856 0.882 0.867 0.851 0.853 0.861 0.806 0.893 0.960 
2-week 0.748 0.771 0.793 0.826 0.793 0.759 0.772 0.790 0.685 0.831 0.936 
3-week 0.611 0.653 0.694 0.749 0.710 0.672 0.700 0.718 0.583 0.771 0.907 
4-week 0.558 0.561 0.563 0.646 0.618 0.589 0.628 0.710 0.679 0.821 0.931 
Table 13: Adjusted R-squares of ATM Interest Rate Caplet Return Against Changes of 
Latent State Variables 
This table reports the adjusted of the returns of at-the-money interest rate caplets 
against a set of latent state vector for some selected maturities. 
Rebal. Maturity 
interval _ 1.5 2 2.5 3 4 5 6 7 8 9 10 — 
1 - w e e k 0 . 8 3 9 0.789 0.804 0.824 0.788 0.747 0.678 0.646 0.651 0.828 0.906 
2-week 0.824 0.758 0.768 0.801 0.764 0.724 0.665 0.661 0.689 0.846 0.918 
3-week 0.777 0.704 0.744 0.800 0.769 0.735 0.676 0.652 0.678 0.816 0.896 
4-week 0.790 0.690 0.700 0.774 0.741 0.707 0.663 0.686 0.747 0.854 0.912 
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Table 14: Analysis of Hedging Residuals from ATM Caplets 
This table reports the summary information regarding the hedging residual errros obtained 
from the delta hedging of at-the-money caplets. This includes the percentage of variation 
explaining the residual errors by the first three major principal component factors of 
residual errors. Also reported are the adjusted obtained from the regressions of these 
residual errors on changes of a set of six swap rates (1, 2, 3, 5, 7 and 10 years) and changes 
of a set of six at-the-money cap volatilities (1，2，3，5, 7 and 10 years). 
Principal Component Adj. R-squared 
(% variation explained) 
Factor 1 Factor 2 Factor 3 swap rates volatility 
1-week 4L8 ^ ^ 0.2504 0.1881 
2-week 39.8 30.6 29.3 0.5142 0.2591 
3-week 45.8 28.5 25.4 0.6719 0.3409 
4-week 38.2 31.8 29.7 0.8699 0.3831 
Table 15: Hedging Performance of ATM Cap Straddle Return 
This table reports the hedging effectiveness of selected at-the-money interest rate strad-
dles. Hedging performance is measured in terms of variance ratio, which is the percentage 
of the variations of an unhedged position that can be hedged away. 
Rebal. Straddle Component Maturity 
interval 0.75 1 2.75 3 5.25 5.5 7.75 8 9.75 10 
1 - w e e k 0 . 7 6 9 0.794 0.486 0.662 0.753 0.693 0.833 0.863 0.728 0.904 
2-week 0.665 0.713 0.269 0.323 0.579 0.356 0.729 0.856 0.432 0.881 
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Table 16: Regression Analysis of Straddle Hedging Residuals on Swap Rate Changes 
This table reports R"^  (%) of the regression of weekly/bi-weekly at-the-money straddle 
residual errors on the weekly/bi-weekly changes of the set of 1-, 2-，3-’ 5-, 7- and 10-year 
swap rates for selected maturities. The residuals are obtained from delta-neutral and 
gamma-neutral hedging strategies with latent state variables as hedging instruments. 
Rebal. Straddle Component Maturity 
interval 0.75 1 2.75 3 5.25 5.5 7.75 8 9.75 10 
1 - w e e k 1 1 . 5 1 4 . 5 L 8 4 . 6 12.7 6.4 13.7 3 2 . 1 V a 
2-week 16.7 21.3 2.7 5.6 8.0 3.7 11.4 37.1 4.2 3.1 
Table 17: Regression Analysis of Straddle Hedging Residuals on Changes of Volatilities 
This table reports R � ( % ) of the regression of weekly/bi-weekly at-the-money straddle 
residual errors on the weekly/bi-weekly changes of the set of 1-，2-, 3-’ 5-, 7- and 10-year 
at-the-money cap and floor volatilities for selected maturities. The residuals are obtained 
from delta-neutral and gamma-neutral hedging strategies with latent state variables as 
hedging instruments. 
Rebal. Straddle Component Maturity 
interval 0.75 1 2.75 3 5.25 5.5 7.75 8 9.75 10 
1-week 
Cap 2.0 2.7 0.1 2.4 7.9 3.3 3.5 7.0 5.8 5.5 
Floor 1.4 1.4 3.4 2.2 9.2 2.9 3.2 6.1 5.5 5.3 
2-week 
Cap 4.6 6.0 2.0 5.7 12.3 6.1 9.8 20.8 8.6 21.5 
Floor 5.1 6.2 3.0 5.5 12.7 5.8 9.0 18.4 7.4 17.6 
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Table 18: Principal Component Analysis of ATM Straddle Component Hedging Residuals 
This table reports the first five principal component factors of the weekly/bi-weekly at-the-
money straddle components' hedging residual errors, together with their corresponding 
percentage of variation the factors account for. The residual errors are obtained from 
delta-neutral and gamma-neutral hedging strategies with latent state variables as hedging 
instruments. 
Rebal. interval Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
1-week 7 1 . 6 4 % 1 4 . 7 7 % 6 . 9 3 % 3.47% 1.20% 
2-week 78.69% 11.72% 5.45% 1.62% 1.24% 
Table 19: Correlation Matrix of ATM Straddle Components' Hedging Residuals 
This table reports the correlation matrix of the at-the-money straddle components' 
hedging residual errors of selected maturities. The residual errors are obtained from 
delta-neutral and gamma-neutral hedging strategies with latent state variables as hedging 
instruments. 
Straddle Component Maturity 
0.75 1 2.75 3 5.25 5.5 7.75 8 9.75 10 
0.75 1 
1 0.982 1 
2.75 0.307 0.365 1 
3 0.456 0.546 0.656 1 
5.25 0.476 0.563 0.573 0.834 1 
5.5 0.425 0.514 0.664 0.920 0.850 1 
7.75 0.441 0.524 0.640 0.857 0.900 0.910 1 
8 0.409 0.472 0.319 0.590 0.688 0.576 0.737 1 
9.75 0.248 0.321 0.413 0.729 0.623 0.858 0.729 0.481 1 




1] Ahn, Dorig-Hyun, Robert F. Dittmar, and A. Ronald Gallant, 2002, 
Quadratic term structure models: Theory and evidence, Review of 
Financial Studies 15, 243-288. 
2] Andersen, Torben G.，and Luca Benzoni, 2006, Can bonds hedge 
volatility risk in the U.S. Treasury market? A specification test for 
affine term structure models, FRB of Chicago Working Paper No. 2006-
15. 
3] Balduzzi, Pierluigi, G. Bertola, and S. Foresi, 1997, A model of target 
changes and the term structure of interest rates, Journal of Monetary 
Economics 39, 223-249. 
4] Bikbov, Ruslan, and Mikhail Chernov, 2005, Term structure and 
volatility: Lessons from the Eurodollar futures and options, Columbia 
Business School, Columbia University. 
5] Collin-Dufresne, Pierre, and Robert S. Goldstein, 2002a, Do bonds 
span the fixed income markets? Theory and evidence for unspanned 
stochastic volatility, Journal of Finance 57, 1685-1729. 
6] Collin-Dufresne, Pierre, and Robert S. Goldstein, 2002b, Stochastic 
correlation and the relative pricing of caps and swaptions in a gener-
alized affine framework, Graduate School of Industrial Administration, 
Carnegie Mellon University. 
64 
7] Dai, Qiang, and Kenneth J. Singleton, 2000, Specification analysis of 
affine term structure models, Journal of Finance 55, 1943-1978. 
8] Dai, Qiang, and Kenneth J. Singleton, 2003, Term structure dynamics 
in theory and reality, Review of Financial Studies 16, 631-678. 
9] Das, Sanjiv, 2002, The surprise element: Jumps in interest rates, 
Journal of Econometrics 106, 27-65. 
10] Driessen, Joost, Pieter Klaasen, and Bertrand Melenberg, 2003, The 
performance of multi-factor term structure models for pricing and 
hedging caps and swaptions, Journal of Financial and Quantitative 
Analysis 38, 635-672. 
11] Duffie, Darrell, and Rui Kan, 1996, A yield-factor model of interest 
rates, Mathematical Finance 6，379-406. 
12] Duffie, Darrell, Jun Pan, and Kenneth J. Singleton, 2000, Transform 
analysis and asset pricing for affine jump-diffusions, Econometrica 68, 
1343-1376. 
13] Fan, Rong, Anurag Gupta, and Peter Ritchken, 2003, Hedging in the 
possible presence of unspanned stochastic volatility: Evidence from 
swaption markets, Journal of Finance 58, 2219-2248. 
14] Gallant, Ronald, and George Tauchen, 1998, Reprojecting partially 
observed systems with application to interest rate diffusions, Journal 
of American Statistical Association 93, 10-24. 
15] Gupta, Anurag, and Marti G.，Subrahmanyam, 2005, Pricing and 
hedging interest rate options: Evidence from cap-floor markets, Journal 
of Banking and Finance 29, 701-733. 
16] Han, Bing, 2007, Stochastic volatilities and correlations of bond yields, 
Journal of Finance 62, 1491-1524. 
65 
�� 
17] Heath, David, Robert J arrow, and Andrew Morton, 1992，Bond 
pricing and the term structure of interest rates: A new methodology, 
Econometrica 60, 77-105. 
18] Heidari, Massoud, and Liuren Wu, 2003, Are interest rate deriva-
tives spanned by the term structure of interest rates? Journal of Fixed 
Income 13, 75-86. 
19] J arrow, Robert, Haitao Li, and Feng Zhao, 2007, Interest rate caps 
"smile" too! But can the LIBOR market models capture the smile?, 
Journal of Finance 63, 345-382. 
20] Johannes, Michael, 2004, The statistical and economic role of jumps in 
continuous-time interest rate models, Journal of Finance 59, 227-260. 
21] Li, Haitao, and Feng Zhao, 2006, Unspanned stochastic volatility: Evi-
dence from hedging interest rate derivatives, Journal of Finance 61, 
341-378. 
22] Litterman, Robert, and Jose Scheinkman, 1991, Common factors 
affecting bond returns, Journal of Fixed Income, 54-61. 
23] Litterman, Robert, and Jose Scheinkman, and Laurence Weiss, 1991， 
Volatility and the Yield Curve, Journal of Fixed Income, 49-53. 
24] Longstaff, Francis, Pedro Santa-Clara, and Eduardo Schwartz, 2001, 
The relative valuation of caps and swaptions: Theory and evidence, 
Journal of Finance 56, 2067-2109. 
25] Piazzesi, Monika, 2005, Bond yields and the Federal Reserve, Journal 
of Political Economy 113, 311-344. 
26] Rebonato, Riccardo, 1999，On the simultaneous calibration of multi-
factor log-normal interest-rate models to Black volatilities and to the 
correlation matrix, Journal of Computational Finance 2, 5-27. 
66 
• ： • 
• v.. • ..... • .: . 
.. . . . . . • • . 
• . . , • ' - • J • .. . , , 
• • V . •； ••‘ . . 
I • - . • • ‘ • • . ‘ 
• . -.:...- ： •• . • • 
.,..、-•?;知 . . . . 
• •：- . • � . . . . . 
/ • ‘ • 
丨-. 
• - ： 
t 
. I i 
) 
. 1 
. ' . ' I 
• i! 









• . . V • +. 
. V 
* J 
• .- • ••； 








• ... tn 
- i 
CUHK Libraries : 
；_IIH_ ： 。 _ 
I — 0 0 4 5 4 6 ^ 0 丄 • 
